The activities of the cytoplasmic particles reported in the first three papers of this series (1, 4, 5) were obtained mostly from firm or pre-climacteric fruit. Little or no attention was paid to the mitochondrial reactions of ripe fruit and of fruit in the course of ripening. In the avocado, a well described pattern of respiration for the intact fruit is associated with the ripening process (2) . This pattern is essentially the same as that reported for other fruits and is referred to as the "climacteric" (10) . Under appropriate temperature and oxygen tension, a rapid rise in respiratory activity takes place within a short time after harvesting. This so-called "climacteric rise" reaches a peak and is followed by a decline referred to as the post-climacteric phase. It is during this final stage that senescence sets in, resulting in breakdown and death. Fruit physiologists have been concerned with the onset of the climacteric rise since it might be considered as the "beginning of the end," the prelude to senescence and death. Recent hypotheses concerning the onset of the rise revolve around the phenomenon of the coupling of phosphorylation to respiration (13) or the relationship between the levels of ADP and ATP (14) . It is the purpose of this paper to examine the biochemical reactions of avocado particles prepared from fruit at different stages of the climacteric.
MATERIALS AND METHODS The Fuerte and Anaheim varieties of the avocado, Persea americana Mill, were used, but no substantial qualitative or quantitative differences between these varieties were observed. Respiration of the whole fruit was determined by methods described by Biale and Shepherd (3) , with the exception that oxygen consumption was measured with the Beckman Oxygen Analyzer (19) . The preparative procedure and the determination of oxidative and phosphorylative activities for hard fruit were described previously (4) . In brief, the method consisted of blending 150 grams of peeled and grated avocado tissue with 300 ml of 0.5 M sucrose. The homogenate was then strained through cheesecloth and centrifuged at 500x g for 5 minutes to separate out large fragments, unbroken cells, etc. The resultant supernatant solution was then centrifuged at 17 ,000 x g for 15 minutes. After this high-speed centrifugation, the supernatant solution was saved for further study and the cytoplasmic particles contained in the pellet were washed by resuspension in 0.5 M sucrose and recentrifuged at 17,000 x g. In the case of soft fruit, the tissue was prepared with a coarse grater. The speed of blending was adjusted so as to prevent the formation of a suction cone in the homogenate.
A major portion of this study was concerned with the effects of the deproteinized supernatant fraction on ripe fruit mitochondria. For In the first set the fruit was kept at O°C for different periods of time and homogenized immediately upon removal from the low temperature. In the second set homogenization was carried out only following the exposure to the ripening temperature of 20°C. It is evident from The solution was frozen in small aliquots which were thawed out as needed.
Assuming that the suipernatant solution provided some active metabolic factor, attention was now directed toward finding the locus of the activity in the Krebs cycle. Table IV shows experiments with pyruvate, citrate, a-ketoglutarate and succinate. The deproteinized supernatant solution stimulated the oxidation of a-ketoglutarate and pyruvate but not of succinate and citrate. The cofactor requirements for oxidation of Krebs cycle acids by avocado mitochondria were studied mostly on preclimacteric fruit. It was shown (4) that adenylate in any form was not required for succinate oxidation whether the preparation was washed once or twice. In the case of citrate the omission of AMP caused a 30 % reduction of the oxygen uptake in a highly washed preparation (1) . Under the same conditions a-ketoglutarate oxidation was reduced by 60 %. The question arose, therefore, The activity of CoA in the decarboxylation reactions involves LTPP as an essential component of the reaction mechanism (6, 16). This factor was added both in the presence and absence of supernatant, but it failed to show an effect in either case (table VII) .
The synergistic effect of CoA and the DS could be ascribed to the activation of CoA through a reduction.
This was apparently not the case, since supernatant solution effects were obtained even in the presence of cysteine while cysteine itself did not increase the activity of CoA.
The synergistic responses in the above described experiments imply the function of the supernatant fraction in some phases of a-ketoglutarate oxidation in which all three factors, supernatant fraction, CoA and adenvlate, are involved as intermediates. The form of adenylate would be of particular importance if the avocado mitochondria contain an a-ketoglutarate dehydrogenase system similar to that described by Hift et al (7) and Kaufman et al (9) . These authors demonstrated a strict requirement for ADP as the phosphate acceptor. In oxidations by avocado mitochondria, AMP semed to function as an adequate phosphate acceptor (4) . On the other hand, several experiments provided indirect evidence that ADP is in fact the essential adenylate. This contention is based on the lag period in oxidation (curves A and C, fig 3) observed with AMP but always absent (curves B and D) when ADP is used. Lindberg and Ernester (11) explained similar lag periods as the time required for the formation of enough ATP to provide ADP through the adenyl-kinase (myokinase) reaction: AMP + ATP =T 2 ADP Slater and Holton (17) observed a similar lag period in the phosphorylation of heart muscle sarcosomes. Their lag was also removed by ADP and they have shown an increased need for ADP with increasing dilution of the sarcosomes. A tabulation of our results in DISCIJSSION The studies reported here indicate a decline in aketoglutarate oxidation during ripening and suggest that the a-ketoglutarate dehydrogenase might provide a desirable biochemical reaction for an analysis of the senescent drift in fruit respiration. This was supported by the effects of the DS and the correlation of this effect with the climacteric rise.
The ultimate aim of experimentation with the supernatant fraction is, no doubt, the determination of its intracellular function along with its purification and identification. With this long-term objective in mind, it was thought most expedient to determine the locus of activity in order to gain a lead to the probable function of the fraction as well as to its identity. Localizing the area of activity might indicate which enzvmes should be puirified to provide a sound assay system for further exploration. Our studies thus far have shown that the action of the supernatant fraction is centered in the substrate level reactions of aketoglutarate oxidation. This can be deduced from the localization of the effect to the a-keto acids, the synergistic activity with CoA and a similar synergism with adenylate. The significance of these synergisms is based on the assumption that avocado mitochondria contain an a-ketoglutarate dehydrogenase system similar to that described for animal mitochondria (7, 9) . This assumption is supported not only by the requirements for similar cofactors, but also by the preference for ADP as the specific phosphate acceptor.
The presence of a supernatant fraction essential to the mitochondrial reactions could be explained by the existence of a state of equilibrium between the mitochondria and the surrounding medium. Under these conditions the factors essential to one reaction sequence could be lost while another reaction sequence remained unaffected. Such a theory was proposed by Potter et al (15) to account for a differential change in the enzymatic activity of rat liver mitochondria. This same reasoning could also apply to the avocado particles whose power to oxidize succinate remained stable while the ability to oxidize a-ketoglutarate de (13) . Neither do they contradict it directly. It should be emphasized that their ideas were based on the action of a heat labile factor, while most of our work was concerned with the heat stable fraction of the supernatant solution. Conceivably, uncoupling might be responsible for certain reactions associated with ripening but might not be the trigger mechanism. The application of DNP to intact fruit might throw some light on the role of uncoupling in ripening. Marks, Bernlohr, and Varner (12) injected DNP into green mature tomatoes and reported that this material remained unchanged in appearance from freshly harvested product while the control ripened normally. Thus far no evidence of this kind is available for the avocado. If energetic coupling is a prerequisite for the ripening process it will be necessary to postulate new ideas on the mechanism of the induction of the climateric rise. The revised orientation might include changes in metabolic pathways similar to those reported by Tager and Biale (18) .
SUMMARY
The oxidative and phosphorylative activities of cytoplasmic particles isolated from the avocado fruit were studied in relation to the process of ripening and senescence.
The oxidation rates of a-ketoglutarate and malate were markedly reduced at the climacteric peak, while the P/O ratios tended to be high. The presence of dinitrophenol had no effect on the phosphorylative capacity of the particles at the peak, though it did lower the P7O ratios at the earlier stages of ripening.
68LANT PHYSIOLOGY
The loss of oxidative activity of the a-ketoglutarate and pyruvate systems could be restored substantially by the addition of deproteinized supernatant fraction from ripe fruit. This solution exerted no influence on citrate and succinate oxidations, but with a-ketoglutarate its action was directly related to the stage of ripeness along the climacteric curve.
The idea was advanced that the role of the supernatant fraction was centered around the substrate level reactions of oxidative decarboxylation. This contention was based on the localization of the effect of the a-keto acids and on the synergistic activities with CoA and adenvIates.
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